In the past two decades, obstructive sleep apnea syndrome (OSAS) has been identified as a common clinical condition with high prevalence in middle-aged adults [1] . OSAS may trigger a cascade of intermediate mechanisms that are potentially harmful to the cardiovascular and metabolic system, and include sympathetic activation activity, oxidative stress, and systemic inflammation [2] . All these intermediate mechanisms may help to explain the contribution of OSAS to several diseases, including hypertension, stroke, diabetes, and cardiac arrhythmias and the increased mortality associated with the disease [3] [4] [5] [6] . Cardiovascular morbidity and mortality associated with sleep apnea have been extensively studied in the last decade [4, 7, 8] . Furthermore, several former and recent studies have indicated strong association between cardiovascular diseases and osteoporosis [9-13], with the above intermediate mechanisms of OSAS to have a critical role in the common pathophysiological pathway of both diseases. Therefore, this association leads us to hypothesize that OSAS may also be responsible for the development of osteoporosis.
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In this issue of Sleep and Breathing, Hulya Uzkeser, and colleagues of the Ataturk University, Turkey, in their paper "Bone mineral density in patients with obstructive sleep apnea syndrome" tried to investigate the relationship between OSAS and osteoporosis by examining both the bone metabolic abnormalities and bone mineral density (BMD) in OSAS patients compared to individuals without OSAS. The authors found a significant difference between OSAS patients and the control group in relation to lumbar L1-L4 BMD, femoral neck BMD, and lumbar L1-L4 t score values, evaluating the underlying assumption of the relationship between OSAS and osteoporosis. Taking into account that there have been no previous reports about the correlation between OSAS and osteoporosis, assessed by bone mineral density, we appreciate this type of work. Furthermore, the study certainly has clinical importance as the issue of osteoporosis is very important, underestimated, and with rising prevalence. Many well-designed epidemiologic studies worldwide have demonstrated that this disease and its consequences represent a high burden on health systems due to the high costs and the resources needed for the care of patients suffering from it [14] .
What can these results be attributed to? There are at least three mechanisms that may potentially affect abnormal bone metabolism in OSAS: hypoxia, increased oxidative stress, and inflammation [15] . As the authors hypothesize, the balance between osteoclasts and osteoblasts is disrupted in favor of osteoclasts in the presence of hypoxia. However, the fact that they did not find any significant differences in serum Ca, P, ALP, and urinary Dpd levels in OSAS patients compared to controls is still not clear.
In the literature, the first clinical indication of the adverse effects of OSAS on bone metabolism was by Tomiyama et al. [15] . The authors investigated the association between the severity of OSAS and the biochemical markers of bone metabolism in 50 male patients with OSAS and 15 controls, and also tested the effect of CPAP therapy. They found that severe OSAS was associated with increased bone resorption, assessed by urinary excretion of cross-linked C-terminal telopeptide of type I collagen (CTX), suggesting that the abnormal bone metabolism in OSA is characterized by "an uncoupled state" between increased bone resorption and relatively suppressed bone formation. They showed further that the urinary CTX was reversed following 3 months' CPAP therapy, possibly due to reduced inflammation and oxidative stress along with improvement in the arterial oxygen saturation associated with CPAP therapy. However, convincing data from large studies confirming such an association are again lacking. Moreover, as the authors explain, the urinary CTX levels showed no significant correlations with the plasma levels of any of the inflammatory cytokines or of a marker of oxidative stress after adjustment for other variables, either at the baseline or after 3 months' CPAP therapy, suggesting that the inflammation or oxidative stress associated with OSAS may affect partially but not strongly bone metabolism. To the best of our knowledge, there are no other reports about the correlation between OSAS and osteoporosis.
The strengths of this study include the use of the current gold standard diagnostic method in the diagnosis of osteoporosis, DEXA, to evaluate osteoporosis, the prospective collection of data, and the objective documentation of sleep abnormalities with attended overnight polysomnography. However, the readers should bear in mind that this study did not include any BMI-matched control subjects. Furthermore, the authors did not address other factors potentially involved in both OSAS and bone metabolic abnormalities, such as the influence of cortisol and physical activity, which may be helpful for elucidating the pathophysiological link between OSAS and osteoporosis.
Nevertheless, this study adds to emerging literature suggesting OSAS as a risk factor for osteoporosis. Ideally, these data suggest the need for well-conducted prospective studies with bone mineral density and/or fracture incidence as endpoints to determine whether or not OSAS is indeed an independent risk factor for osteoporosis and whether treating sleep apnea enables osteoporosis to be reversed, particularly in comparison with usual treatment strategies.
In conclusion, OSAS and osteoporosis are two increasingly prevalent disorders that appear to be related. The nature of this association remains to be clarified, but a number of pathophysiological pathways are potential mediating mechanisms. The study by Uzkeser and colleagues provides further rationale to add OSAS to dietary factors, medications, tobacco use, and lack of exercise as crucial factors that need to be modified to curb the osteoporosis epidemic. Further longitudinal and interventional studies are required to help confirm these observations and assess the impact of CPAP therapy on the bone mass and quality in subjects with OSAS.
